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Composition containing a polymer and conductive filler and use Hier*nf 



(57) A composition containing a polymeric matrix 
and a conductive filler component is provided. The con- 
ductive filler component comprises conductive particles 
and a polymer selected from the group consisting of sub- 
stituted and unsubstituted polyanilines, substituted and 
unsubstituted polyparaphenylenevinylenes, substituted 
and unsubstituted polythiophenes, substituted and 
unsubstituted polyazines, substituted and unsubstituted 
polyparaphenylenes, substituted and unsubstituted 
polyfuranes, substituted and unsubstituted polypyrroles 
substituted and unsubstituted polyselenophene, substi- 
tuted and unsubstituted poly-p-phenylene sulfides and 
substituted and unsubstituted polyacetylenes, and mix- 
tures thereof, and copolymers thereof. 

Compositions of the present invention are useful as 
corrosion protecting layers for metal substrates, for elec- 
trostatic discharge protection, electromagnetic interfer- 
ence shielding, and as adhesives for interconnect 
technology as alternatives to solder interconnections. 

In addition, films of polyanilines are useful as corro- 
sion protecting layers with or without the conductive 
metal particles. 
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Description 

Technical Field 
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aJUi^Jr" 110 " ?. conee,noa ""D™* conwatons mat a.e .lectricall, conduct In particular 
=1 ^2S' S J ™J "^^^'^^^^"V^ascorrosionproBciirBlamsfcrmelal substrata* to. 



Background of Invention 
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0 | 0 J!i *1 s "?9 ested to «™«t normally insulating thermoset and thermoplastic polymers or Dreoolvmers into 
electncally conducing compositions by admixing therewith various electrically conductive rSSrfde 

ESEl 5"* 6 T iCati ° nS for SUCh °° nduc,infl ^Positions are quite mJ^£££^££Z 

SvT^^^^^ interference 

to achSS h ^? P ^ 7 S aSS0Ciat6d With this techno10 ^ 0ften - hi 9 h of the metal particles are needed 

are susceptible to the presence of pollutants, notably chlorides and sulphur 

oJl*™~!?T ° f hUmW 5 l ^° l,UtantS 8nd applied e,ectrical ,ieW <** an ""common situation for the electronic 
parts n operation), copper and silver dissolve from the more positive metallic part and olate at ttemm. nf«!« * 
asdendrites. Theforma«onof dendrrtescan resdtine.ee* Jshorte^ 

can min "5 TiT", 9 1106 and deCre8Sin9 dimension * '°" «umu£!^J^^ 

ZZl tr? 19 6 eCtn ° al performance <* the P^uct. Use of inhibitors, such as bmaJSmS^Si 

ISumT ^ ^ 8 9alVaniC ^ witn 90W or ■**""• in s ^e. wrth the 

mpi»"f? T' 10 thaw problems ' c °PPer and silver metal particles are often coated with other more stable 

S ISSf 2 J ? 1CkeL ™ S iS d ° ne by eleCtro,esS or el «*°Pkting processes, vvhich add^nal^£ina 
costs and pose potental environmental concerns, due to the chemical make-up of the electroplat^batte 9 

Summary of Invention 

adhes.ves for .nterconnectons as alternatives to solder interconnectiona The present invention provides for a sllnpte 
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Summary of Drawing 

Figure 1 provides potentiodynamic polarization curves for copper coated with different materials. 
Best and Various Modes For Carrying Out Invention 

'iizESSZSTs: £sr=£=2" t in r** c ™ du * e - * 

inl>»10m,o(po»d., ( l a te s „,S T ^ P ^' < ^ andmMal ' su '* assil '>'°'««>e'.and 
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The emeraldine salt is the highly conducting form. The conductivity of the polyaniline can range from 10-i0ohm-i C m-i 
(characteristic of the base and non-doped form) to about 103ohm-icrrri upon full doping 

The ring substituted polyaniline, and in particular, the ortho-ethoxy derivatives, and ortho propyl derivatives exhibit 
appreciably greater solubility than the unsubstituted ones. 

The unsubstituted emeraWine baseform of polyaniline is soluble in various organic solvents, and in various aqueous 
acid sduhons Examples of organic solvents are dimethyl-sulfoxide (DMSO). dimthyHormamide (DMF) and N-methyl- 

S?X e i 1 ^'M* '? """I** and not limi « n 9. Examples of aqueous acid solutions is 80% acetic acid 
and 60-88% formic acid. This list is exemplary only and not limiting. 

m - Za* rin ?, sl * stitut f d derivatives are also soluble in more solvents, including less polar solvents such as chloroform 
methylenechlonde, xylene and toluene. 

Preferred polyaniline compounds in the present invention are ethoxy derivatives, represented by the following: 



RsOCHpH, 



y~0.5 



HA 



RjOCHjCH, 
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The ethoxy 'substituted polyaniline in the non-doped form (base) can be readily dissolved to a 10% by weight solution 
n NMR and spun at various rpms to form films of different thicknesses (184.339 and 477 nm, respectively) Rims from 
this polymer are very homogenous and well adherent. Even the thinnest film behaves as a perfect barrier to oxygen as 

2x10^A/crn* is ; independent of film thickness, type of metal (copper, silver and platinum) and ambient atmosphere (air 
anc^trogen). The current is diffusion limited and most likely caused by reduction of ethoxy radical or the ethoxy polymer 
J*!l? e 3 ™i C Current : metel dissoluti °". is in all cases greatly reduced by a factor which increases with film 
hickness. The protection is substantial, in particular at high potentials, where Cu dissolution (and similarly silver disso- 
lution) is about 4 orders of magnitude lower than measured on unprotected metals 

In addition, ethoxy substituted polyaniline spin-doped with acid HA. such as hydrochloric acid, can be prepared by 
«TnT~ ?L m P0 ' ym ! r i ". ,he non - conductin 9 ton, and subsequently doping such as by dipping th7film into 

ontheorderoMO 2ohm icm L ltscorros.on protection is similar to that offered by non-doped ethoxy-polyaniline. except 
for the measurement of the oxygen reduction rate. Apparently, as the polymer is conducting, it allows a passage 
electrons needed for oxygen reduction. The protection of the film is excellent, especially at anodic potentials 
Examples of another substituted polyaniline is ortho-propyl polyaniline. 
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The polyanilines, and preferably the alkoxy substituted polyanilir.es, such as ethoxv substitutPd ^nii^ 
^^nc^oped^ 

layer on a metal substrate. The po.yani.ines are P referab.y emptoyed in their corSSng d^i fo^ ^ 
Examples of suitable polythiophenes are represented by the following formula: 
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wherein each R2 is H or any organic or inorganic radical; wherein t £ 1 and preferably wherein at least onp R2 ic rv* u 
Polyparaphen^enevin^nes useful to practice the present invention haSe q«XEE ^nSTn?iS or 
any organ.c or morgan* radical and wherein s * 1 . Each R3 can be the same or different 



radS 1 " 68 USefUl t0 PraCtiCe Pr6Sent inV6nti0n h8Ve ge " e,al formula wherein R1 ° te H 



or an organic or inorganic 
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[CRio = N - N CRio ] n wherein n a 1 
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« Polypyrroles which are useful to practice the present invention have general formula wherein w a 1 each rs ■« h „r 
any organ* or .norganic radicals; wherein each one R5 can be the same or difSZ ' R 5 is H or 
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Polyselenophene useful to practice the present invention have general formula, wherein v £ 1 
organic or morgarac radical and wherein each R6 can be the same or different: 



and each R6 j s H or any 



so 



R* R« 

~o-. 
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between adjacent constant* an or equal to 1 , m a 1. Q1, Q2Q3 can be a vmylene group or a direct bond 
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R 7 R 7 

Lr/^r, 
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mJ^T*?" 8 PartCleS ^ b6 PreCOated ** the above ""^"9 Polymers priortoadmixturewiththe polymeric 
matrix. In the alternative, the above conducting polymer and conductive particles can be sapaSSSdwZS 
polymenc matnx. The blending can be carried out by dispersion or more preferabfy. by soE£ 8 "* *" 

s amn !!!rJ he ^ matrix lower 

s amounte of conductive particles are needed to obtain a given conductivity. P°'ymer.c matnx, lower 

n 1 *?? 10 prec ° at * he particles, the conducting polymer is generally used to provide coatinqs about 

0.1 to about 5 m.crons thick, and preferably about 0.15 to about 2.5 microns thick 9 
The particles can be solution coated. 

,o mat a ?l P 2[ meri( ; mat l iX empl ° ye(1, purSuant t0 1X686,11 invention - ran °* thermoset or thermoplastic polymeric 
ll ^h^T^r ?T» 3re 1,19 P 01 ^ 68 - POlyacrylates. po.ymethacry.ates. po.ys1 Zes a^S 

co^rs^^ 
repi^ 

n ^! f"* 08 *" 8 of , the P resent inventi °" are useful as electromagnetic interference (EMI) coatings on a dielectric 

^^SLF^St ^J*' 03 ' ^P 0 ™* 8 are fr Wy contained within dielectric LsingTsu^ i as cSEH 

"5 ? ~ ° r6dUCe the «* *• e| ectronic components contained ^wiShe hSSn^ to 

^TSS" .° 6 dieleCtriC h ° U6in9 030 bS the ""Potions of the present Mention ° 

The following non-limiting examples are presented to further illustrate the present invention: 

30 Example 1 - Preparation of Pdyanilines 

hvdrShS^i UnSUbStitUted) W3S PrePared by the Ch6miCal 0Xidative Polymerization of aniline in aqueous/1 normal 
hydrochloric acd us.ng ammonium persulfate as the oxidant. The conducting polyaniline hydrochloride , sart is is«SLTed 

de^tiVe 

«tit,Ii e a S n! J |? titUted polj r illne deriv a«ves were prepared by the oxidative polymerization of the appropriate rino-sub- 
o ^hi^T'' "?* lin8S 01 the meth0d de8Cribed For th * ethoxy-substiSdyan S££ 

of ^ ^ ^r 60 " 3 ' 1 ' W ' th 1 n ° rmal «» ueous toluenesulfonic acid. It can also be prepar^ by reartKg^sSution 

ofethoxy^olyan.hnebasemNMPorgamm*^ P ^ ^^'"S a solution 

of tZt^lV^ ""t!? 6 C3 l be polymeri2ed in P'«*nce of aqueous 1 normal toluene sulfonic acid instead 
of hydrochloric acid to yield the conducting ethoxy polyaniline tosylate 

weig^tE^ 
Example 2 - Preparation of Coated Silver Particles 

stirred in the conducting solution. The particles were then filtered and dried under vacuum 
Example 3 - Preparation of Conductive Composition 

S!£Tr?? ate man aPpr ° priate sdvent s^ 6 " 1 - such as *yene. The solvent is chosen mSSH 
dissolve the polyanilme. The materials are blended by a dispersion technique or high shear mixing 
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Example 4 - Blending of a Host Polymer and Polyaniline and Metal Fillers 

e . J° ll? "T"' pariticular - Polymethylmethacrylate in gamma-butrolactone was added a gamma-butrolactone 

S^cL d L SPerS,0n T Th6 r6SUltin9 miXtUre WaS used t0 coatings. The milre Sn S 

be processed by conventual means to fabricate conducting f i.ms or composites suitable for the uses disclose^ove 

Example 5 
descSr^ 

SS!? 0 ! 1 * ^ C0TOSi0n ^ by electrochemical techniques is direct and precise, but not readily applicable to condi- 

Z^TSTZ T 0 "" T6S,S ^ COndUCt6d 3 miniatUre Ce "- that — desi 9 ned 'n aSptt bn^e 
frolvt Twt r0chem,ca ' tes ^ n 9 «* the "hafcng- Presented by corrosion reactions under a thin 

« 0989, ^ ^ 3 ' * Wat6r 38 a " e,eCtr ° lyte ' 35 deSCribed by BmSiC - * a '- ^ HectrcchL S^c IS 

The sehjp consists of the sample (working electrode, masked with plating tape to expose a 0 32 or* area Pt m~h 

SS^tT - * J - 8 ^T" 8 ■**• e ' eCtr0de (reference '•W Sh .2?£E ^SaratiS ealJ 

Sf oS-!T T?' ^ With 8 ti9hHy f itted ,ilter and a flat Pt mesh, was maneuvered SiZS 
he opening of a vert.ca lly portioned and a rigidly held Beckmann fitting. The inner diameter of the fitting wa?S mm 

Srinfp J^Z 1?* Pr6SSUre a9mSt the mng - 71,6 second filter disk ^ an Eppendorf pipette and the 

ESiE!^^ P °l "f ° Ver *™ USin9 1,16 fitlin9 88 a W*- A Wo- droplet size wa^MDue 
to small distances between the electrodes, the ohmic resistance in the cell was relatively sma! even with elec Jolvtes 
such as de.on.ed and tripled water. As the ohmic resistance of the cell was onlyS sSTnUSUSS 
of measurement, .nagnrf cant errors in the evaluation of corrosion rates are introduced The prS« w»^32 

t.al ± 20 mv from the corrosion potential at 1 m V/s. The corrosion rate was calculated usina ™b mSSSETI 

» Th^ e lf r,OSi0n IT* 0 " h8S be6n meaSured wi1h substituted, undoped polyaniline base. Figure 1 (curve 

L bSpl ' '2 ^ ***** iS UP t0 * 40 ° ,C - The fi,m adheres wel1 to Ihe metal surface and acts as 

^ * COrroslon reacbons - ^entiodynamic cment-potential curve looks similar to one obtained on unproStS 

that the film also affects exodus of copper ions, i.e.. the anodic reaction 

The surprisingly effective protection is observed with ethoxy substituted non-doped polyaniline base Fiaurel fcurve 

!» n S , ' actively . The films are very homogenous and well adherent. Even the thinnest film behaved 
—^fS^ ° Xy9en ; SS electrochemical data "0 current normally attributable to oxyge^ed^onThe 
IT "f ^° d ' C L CUrrent 01 about 2x10 ~ 7 is independent of film thickness, type of me^toppTsIer a^ 

51? ^ £ I ad,Cal ° r elhoxy P 01 ^ backbone Tne anodic current, metal dissolution is in all era 
greatlyreduced by a factor which increases with film thickness. The protection is substantia, in partcuTar at hiqh orten 

Ethoxy substituted polyaniline doped with hydrochloric acid wasprepared by spin-dryino the non-dooed eth™ hae a 
^nihneandthend^ 
10 2 0 hm icm 1. •tecorros.onprotecti^ 
for^asurememdtheoxygenredu^ 

T^XIth^ 
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Water Drop Test II: 

fai.urp d nr 0 l Of V^f ^ ™™ ^ A « 5V is **» * across the metal lines and 

Test vehicle for measurement: 

10 Bare Copper (Cu) 

Results are as follows: 
15 3 repeated test measurements: 

16 mils spacings--45 seconds, 48 sees, 51 sees for dendrites to form 
12 mils spacings-^39 seconds, 42 sees. 40 sees for dendrite to form 
Copper Lines Treated with Benzotriazole (BTA) Solution 

. solution (pH * 10) for 10 minutes. This results in formation of Cu20 (about 2 nm thick) This is fellow^ hL a 

25 Ethoxy polyaniline (base or non-conducting form) 

A 10% weight solution in NMP of the ethoxy polyaniline base was used to spin-coat films on wafers with Conner and 
s-jverlinesrasdescr^ 



30 



40 



45 



50 



55 



Water Drop Test After 220oC/30 Minutes Storage 

(-J^S.*" ,ineS With 5159 A eth0Xy - p0l ^ i,ine fi,m d " * ^m any dendrite, even after 30 minutes 
Temperature and Humidity Test (85°C, 80% relative humidity) 

th« J? 5 * 59 A f ilm ? * he flltacy norKta P* Polyaniline base coated silver and copper surfaces were tested under 
m^ 

Temperature/Humidity/Bias Voltage Test 

2 .hlSX 2* " « iS conti " ually monitored and feilur e '6 «agged when the isolation resistance reading between the 
2l,nes is less than 16mega-ohms. Test is done while wafer is in the oven at 85'C and 80% relatiShZdTCcoD^ 

was 

was 3 ^volts and 1499 volts. The polyaniline coated wafers passed 500 hours and 1000 hours ea PP |ieavolta 9 e 
Ethoxy Polyaniline Doped With Hydrochloric Acid (more highly conducting Form of Polymer 

SOm^^ 

I ftlrSSS 1 ^^ 396 (850 ° ^ 1016 h0UfS) - ^^^^-^showednodenoriteformatoneven 
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Claims 



1 . Acomposition comprising a thermoset orthermoplastic polymeric matrix, and a conductive filler component wherein 
sari filler component comprises at least one conducting polymer selected from the group consisting of substituted 
f Po'yP^^e^'^evinylenes, substituted and unsubstituted polyanilines. substituted and unsub- 
sbtuted polyazme* substituted and unsubstituted polythiophenes, substituted and unsubstituted polyparaphen- 
OZSZ T ^ unsubstitu,ed PO'y-P13henylene sulfides, substituted and unsubstituted pdyfuranes 
substrtuted and unsubstituted polypyrroles, substituted and unsubstituted polyselenophene. substituted and unsub- 
strtuted polyacetylenes and mixtures thereof; and copolymers thereof; and conductive particles. 

2 " I^T^??" °! ° laim 1 Wh6rein th6 am0Unt * said ««*«*fl PO'y^' ^ about 0.3 to about 90% by weight of 
the total of said polymeric matrix. 7 "» ,KWI 

3. The composition of claims 1 to 2 wherein the amount of conductive particles is about 40 to about 95% by weight 
based upon the total of said conducting polymer and said polymeric matrix. 9 

polyurethanes. polyolefins, and polyamides. 
5. The composition of any of the preceding claims 1 to 4 wherein said particles are silver or copper. 

6 " Ior^K°ymer. any * 1 * 4 conductive P artic,es are ^coated with said 

7 ' 12i£EX!£ 01 * e preceding daims 1 10 6 wherein »" polymer is a po ^ niline - ""P*^ an ^ 

8. The composition of any of the preceding claims 1 to 7, wherein said composition is in the form of a paste. 

9 ' Sf-H a 'I 0 ! t ! 1 n e fi Pr . eCe ? in9 daimS 1 10 8 Wh6rein "n**** polymer has conductivity of about 

10 lOohm 1cm i to about 106ohm""«cm"''. 

1 °" ZSZT* ^r"? 3 metal substrate - wherein «* ™W comprises copper or silver and as a corrosion pro- 
SS To 0 " °T e maj ° r SUrfaCe ° f Sab Substrate ' a ""Position according to any one of the preceding 

claims 1 to 9. or a layer of a polyaniline, comprising an alkoxy polyaniline or an ethoxy polyaniline. 

1 1 * ^^^^il 616 * 0 !! 3110 <fi , SChar9e Pr0tecti0n * electroma 9"^ interference shielding by applying the 
composition of any of the preceding claims 1 to 9. ><+vy a »'« 
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